Custom user maps (also called map mashups) made on geoportals by novice users often lead to poor cartographic results, because cartographic expertise is not part of the mapmaking process. In order to integrate cartographic design functionality within a geoportal, we explored several strategies and design choices. These strategies aimed at integrating explanations about cartographic rules and functions within the mapmaking process. They are defined and implemented based on a review of human-centered design, usability best practices, and previous work on cartographic applications. Cartographic rules and functions were made part of a cartographic wizard, which was evaluated with the help of a usability study. The study results show that the overall user experience with the cartographic functions and the wizard workflow was positive, although implementing functionalities for a diverse target audience proved challenging. Additionally, the results show that offering different ways to access information is welcomed and that explanations pertaining directly to the specific user-generated map are both helpful and preferred. Finally, the results provide guidelines for user interaction design for cartographic functionality on geoportals and other online mapping platforms. K E Y W O R D S : geoportal; web cartography; usability evaluation; user interaction; interface design; interactive cartography
I N T R O D U C T I O N
Geospatial datasets are abundantly available nowadays thanks to technological advances in data capture, storage, processing, and distribution, as well as to the democratization of (online) cartography. Geoportals and online mapping platforms offer an appropriate means and environment for publishing, displaying, and distributing geospatial data. However, datasets are often uploaded onto those platforms in raw form or with minimal thought given to their symbolization. The map mashups created by novice users on those platforms tend to produce results of low cartographic quality because no cartographic knowledge or professional cartographer is included in the process (Harrie, Mustière, and Stigmar 2011) and because the different datasets have been symbolized on an individual basis and thus are not optimal for combination.
Cartographic principles have been gradually formalized and integrated mostly within standalone tools (e.g., Color Brewer for color schemes [Brewer and Harrower 2013] and the subsequent similar "brewers," for map symbols and type [Schnabel 2007; Sheesley 2006] ) and sometimes in small ways within geoportals aimed at the larger public. Yet, most cartographic knowledge is neither easily accessible nor well integrated within online platforms on which the public creates custom user-generated maps.
Our motivation in this work is to aid casual mapmakers in making better user-generated maps within online mapping platforms, by offering them functions based on cartographic principles. Concretely, our aim is to design and evaluate an interface and related user interactions for cartographic functions. These functions rely on cartographic concepts such as figure-ground and color contrast to improve the overall visual hierarchy and legibility of the map mashups.
Due to the nature of cartographic knowledge and the target audience of geoportals, there are specific challenges. First, a lay audience might hold a very different conceptual model than trained cartographers of how a map and its contents are organized. Moreover, individual conceptual models among the lay audience are much more variable. Second, cartographic knowledge is made of principles, guidelines, and a certain amount of subjectivity, and thus it is necessary to communicate the flexibility of that knowledge. Furthermore, it is unclear what types of interaction best support the introduction of cartographic knowledge to geoportal users in the context of the specific maps they will create. There are also open questions regarding how to design interactions that are based on cartographic knowledge and allow the discovery of such knowledge by casual mapmakers. Concepts of usability and human-centered design can help answer these questions, but there is a need to test concrete design implementations to gain a deeper understanding in the context of cartographic applications.
The first objective of our research was to explore relevant design principles to support the integration of cartography-related user interactions, and to implement them in an existing geoportal. Second, we investigated the different types of user interactions that were implemented, evaluating them in regard to their usability and appropriateness for cartographic functions and knowledge. Finally, we derived interaction design guidelines from these evaluations.
For the usability test, an existing geoportal and a framework offering smart cartographic functions were used. This geoportal allows the creation of map mashups from its available data and its cartographic functions; it also helps to improve the quality of the mashups by checking for appropriate content based on map types, by optimizing the drawing order of the layers, and by improving the visual hierarchy (Panchaud, Iosifescu Enescu, and Hurni 2017) . The functions also explain choices to users; these kinds of explanations should not stay hidden, but should be open to the user, and capitalized on by integrating them within the workflow and the wizard GUI (graphical user interface). A wizard is a type of user interface that guides users through a sequence of defined steps to perform a task or solve a problem. They are also called "assistants" and are widely used in most operating systems.
F U N D A M E N TA L C O N C E P T S A N D R E L AT E D W O R K
How map readers interact with maps and mapping platforms can be better understood by looking into fundamental concepts such as human-centered design and usability. Based on those fundamental concepts, previous researchers have already gained insights and set best practices specific to designing maps and interactions on mapping platforms for an improved and more user-friendly experience.
HUMAN -CENTERED D ESIGN AN D USER D IVERSITY
Previous research and best practices overwhelmingly show that the comprehension of the users' needs and expectations is crucial for designing optimal user interactions (Roth and Harrower 2008) . Such comprehension is central to the concept of "human-centered design" (HCD), also known as "user-centered design" (UCD), popularized as early as 1988 and defined by Norman (2013, 8) as an "approach that puts human needs, capabilities, and behavior first." The HCD approach has led to significant advantages such as improved usability of GUIs and tools, fewer errors during use, and faster learning times (Norman 2005) .
With the emergence of the HCD/UCD doctrine, several sets of principles were developed to support its implementation. In Figure 1 , we present here the core ideas of HCD with Shneiderman's (1987) eight golden rules, Norman's (1990) original seven principles, and Norman's (2013) revised seven principles.
The diagram reveals overlaps and differences among the principles lists. Common to all, constraints are described as a tool to help guide the user through possible interactions and prevent the use of functions that are not available at certain points. Additionally, actions should be easily reversible, so that users can undo potential mistakes and feel free to explore the interface without fear of making an error. Feedback about user actions and the state of the system is also cited as crucial for a positive user experience. Important concepts unique to Norman's (2013) principles are affordances and signifiers. Affordances are the relationships between object appearances and the capabilities of the users: they help the users determine their possible interactions with the object. Some affordances are perceivable and act as a signal. When they are not perceivable, additional signifiers are needed; they are clues that convey how to use the objects (Norman 2013) . They aim to reduce the number of settings and icons that need to be learnt before using the system by making them intuitive, easy to remember, and logical (linked to Norman's principle of "mapping" -N4/n6 in Figure 1 ), and they help to reduce short-term memory (STM) load (S8). Consistency (in interface design, but also in sequences of actions and terminology across the system) also supports the reduction of demands on STM and lets users focus on the content of the application and problem solving instead of on interface comprehension (Shneiderman and Plaisant 2005) .
In the context of interfaces for geospatial data and visualization, it means that the interactions built into the GUI must make sense and be intuitive: for instance, users should not spend time deciphering the icons and buttons (Timoney 2013 ; see principle S8 in Figure 1 ). Additionally, understanding the user context and providing direct controls to the user are critical steps to preventing errors (Haklay and Nivala 2010; see S7) .
While the above-mentioned principle lists give valuable insight into HCD, Gould and Lewis's (1985) framework offers a more comprehensive approach and is the most widely adopted (Haklay and Nivala 2010) . The three core principles are: (1) an early focus on the users and tasks, (2) the use of empirical measurements to evaluate the design, and (3) an iterative process. The first point deals with the importance of the user's goals and tasks as the drivers for the design. Moreover, it implies that characteristics, behavior, context of use, work, and environment should be considered as well. Then, only through empirical measurements (e.g., the user's reactions and performance) can one evaluate whether there are improvements from the prototype to the final version. Finally, the design process should go through several iteration cycles of design, test, measure, redesign, etc., as often as necessary (Gould and Lewis 1985) .
As seen above, the HCD approach is supported by a large body of work demonstrating the importance of carefully considering the needs, capabilities, and preferences of the target audience in designing interactions. In the context of map mashups, as opposed to traditional cartography, the map user is also often the mapmaker (Roth 2013 ) and thus the user has a double profile of needs and expectations which have to be taken into account.
Often the designers of online mapping environments regard their users as homogeneous, but group and individual differences exist. For instance, Slocum et al. (2001) mention expertise, culture, and age among several other characteristics, while Fairbairn et al. (2001) also refer to the users' expectations, experience, competences, and preferences. These various user differences lead to multiple user perspectives, and thus treating them as a monolithic group is inadequate (Haklay 2003) ; it is considered best practice to acknowledge different user skills and knowledge, especially between experts and casual users (Fairbairn et al. 2001; Jenny et al. 2010) , as well as differences among laypeople themselves (Meng and Jacek 2009; Shneiderman and Plaisant 2005) .
Consequently, there is no "one size fits all" interface (van Elzakker and Wealands 2007), but even so, aiming to cater to universal usability can help (Shneiderman and Plaisant 2005 ; see S2 in Figure 1 ). Suggestions from previous work are to design methods of interaction that can be adapted to the end user in terms of complexity (Slocum et al. 2001; Fiedukowicz et al. 2012; Jenny et al. 2010 ) and to provide flexibility in unfamiliar situations (MacEachren and Kraak 1997). Increasing interface complexity or its degrees of freedom can render tasks more difficult for users and thus alienate them (Slocum et al. 2001; Jones et al. 2009; Andrienko and Andrienko 2006) .
USABI LITY AN D BEST PRACTICES
The success of an interface also depends on how well it supports the user's interactions with the application. The concept of usability is central to such success and is defined in the ISO 9241-11 standard as the "extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use" (as quoted in Resch and Zimmer 2013, 1019; and He, Persson, and Östman 2012, 89) . Van Elzakker and Wealands (2007) describe effectiveness as achieving goals with accuracy and completeness, efficiency as minimal resource expenditure, and satisfaction as comfort of use and a positive attitude. Additionally, Nielsen (1993) defines usability with the help of five attributes: learnability (the system is easy to learn), efficiency (a high level of productivity should be possible, once the system is learnt), memorability (easy to remember), errors (low error rate and easy recovery), and satisfaction (pleasant to use).
The cascading information-to-interface ratio is another approach to adapting to different user profiles (novice or new users vs. advanced or regular users) by providing increasing levels of complexity in the interface (Roth and Harrower 2008) . This consists of a multi-layered interface and can help fill the divide between novice and advanced users (Roth 2013) . By showing only the most important parameters at first and the more complex ones on demand, one can offer a simple interface at first sight for the novice user, while allowing the advanced user to access the complexity of the system as well. It is similar to "progressive disclosure," which hides parameters until they are actually needed (Wardlaw 2010) .
Even though complex interfaces allow different users the flexibility to take cartographic actions in different orders, the productivity paradox has led interface designers to constrain the interface by reducing the number of cartographic functions or the degree of flexibility in order to increase productivity (Roth 2013) . Other works pertinent to cartography likewise support the idea of constraining the interface for improved user experience (Dou et al. 2010; Keehner et al. 2008; Jones et al. 2009 ).
Previous work also offers key, concrete insights about interface characteristics that support improved usability. Interfaces should be consistent and systematic (Roth 2012) ; offer a small visual footprint (Roth and Harrower 2008) ; make important components visible; offer smart and adaptive functions (MacEachren and Kraak 2001); use appropriate metaphor as well as provide sensible default values depending on the context of use (Cartwright et al. 2001) ; use interface controls that feel most natural or intuitive (Harrower and Sheesley 2005) ; and avoid irrelevant interactivity and inconsistencies in information feedback (Jones et al. 2009 ). Additionally, windows should be reused and their number limited, and the same information should not be displayed in different places (Lauesen and Harning 2001) . Also, pop-up windows should be avoided because users do not like them for several reasons (interruption, occlusion of the screen, require action to go back to the main window) and tend to close them right away without looking at the content (Resch and Zimmer 2013) . To prevent further user frustration, interfaces should display warning messages and block unsupported actions early as well as allow users to save the state of the system or its results (Jenny et al. 2010) . Redundant functionality, irrelevant interactivity, and inconsistencies in information feedback are also problems to take into account. Finally, implementing conventions that are used on popular websites can prevent the users from being surprised or confused at the results of the interaction. Such an example would be the double-click zooming used by Google Maps, an interaction that many users expect in other map applications (Wardlaw 2010) .
The role of symbols and icons must not be underestimated, and their design should aim at clarity and accuracy, easy and correct interpretability (thanks to affordances and signifiers), and visual feedback when in use (Resch and Zimmer 2013) . Even though the data-ink ratio (Tufte 1983) should be high to limit the footprint of the GUI, an overly minimalist icon design might not offer enough clues to allow the users to deduce its functions (Roth and Harrower 2008) .
Finally and most importantly, Beaudouin-Lafon (2004) advocates designing interaction instead of interfaces because the interface is only a means, whereas the goal is to provide user-system interactions of high quality. Roth (2013, 64) defined cartographic interactions as "the dialogue between a human and a map mediated through a computing device." Thus the interface is of the utmost importance in optimally supporting the dialogue of cartographic interactions.
ASSISTED MAP DESIGN PROCESS
Beyond issues of usability and human-centered design, one should also consider how the dialogue between the user and the application is designed, and how it is able to capture the users' needs and contexts, and translate them into map specifications (data layers, map scale, symbology, etc.) that the application can handle.
Collecting user preferences via textual menus is difficult, and providing map examples or samples can help the process (Balley et al. 2014 ) and allow the users to better express their needs. Then, the challenge is to be able to infer appropriate map specifications from the user requirements. Balley et al. (2014) mention two different approaches: either following a static reasoning process using rules after having gathered the requirements, such as in the work of Forrest (1999) ; or reconciling cartographic constraints and the user's preferences in an iterative process, as used by Christophe (2011) for designing map legends.In the field of assisted map creation, there have been different attempts to organize and formalize cartographic knowledge and to put it at the disposal of a larger public using a graphic interface, including expert systems (Forrest 1993) or assistance for on-demand map creation via web services (Jolivet 2008) . The gathering and formalizing of cartographic principles from experts and best practice map series is a common thread. The framework behind the interactions that are tested in this paper follows from this previous work, but focuses on functionalities for laypersons creating map mashups, and with a logic fundamentally independent from the application in which the data are visualized. The framework also relies heavily on semantic information, in the form of metadata about the meaning of the geospatial content, to deal with cartographic constraints. For instance, semantic metadata allow differentiation of roads from rivers from administrative boundaries. These distinctions enable the definition of finer cartographic rules and constraints in the framework.
G R A P H I C A L U S E R I N T E R FA C E A N D I N T E R A C T I O N D E S I G N
The GUI is the access point to the functionality of any application and thus if not properly designed, it can hamper the use of the even the best application. A clear, wellthought-out concept and several rounds of design iteration are often needed before reaching an optimal interface.
EXISTI NG GEOPORTAL AN D FRAM EWORK
For this study, we made use of an existing geoportal GUI as our starting point; as compared to starting from scratch this offers both design opportunities and constraints.
First, there are benefits to using an existing framework and design that has already gone through several design iterations: the foundation is solid. At the same time, it gives the chance to perform yet another iteration on the general GUI design. However, there can also be some constraints as the technologies used are fixed and there might be limitations to what an existing framework can do.
Our geoportal is built on a traditional, three-tier architecture leveraging databases to serve maps via web map services (WMS) and a custom-built SVG GUI.
Service-driven cartographic visualization has proven its potential (Iosifescu-Enescu, Hugentobler, and Hurni 2010; Iosifescu et al. 2013 ), however the same functions could also be coupled to a vector tile-based architecture with styling on the client side. Cartographic principles are integrated within the geoportal via cartographic functions that help the users when they create their own maps with the geoportal content. This includes checking whether the selection of layers is appropriate for a specific map type, re-ordering the layers to prevent unwanted overlaps, and a function which improves the mashup's visual hierarchy by modifying the style of the background layers (for more information, especially concerning issues with map mashups, see Panchaud, Iosifescu Enescu, and Hurni [2017] ). We decided to provide a background style function because a recurring issue found in map mashups from geoportals is the fact that most layers are symbolized in saturated color schemes matching a foreground style definition. As the functions mimic different parts of the cartographic workflow, a natural design choice for their integration is to use a wizard, allowing the user to go through the decision points of the map design process step by step.
We began by redesigning the GUI with input from a usability study done on a sibling project using the same GUI framework (Kellenberger et al. 2016) . The GUI redesign also used principles derived from the literature and best practices that were not respected in earlier design iterations; project-specific needs also played a role. The common aspect to the changes was the optimization of the GUI's visual footprint: most of the space should be given to the map, and the GUI should not be cluttered in order to give enough space to the important features ( Figure 2 ). Furthermore, some interface features that were lacking consistency were redesigned to offer a smoother and more consistent user experience. 
WIZARD I NTEG RATION
As mentioned earlier, a wizard was used to organize the geoportal's cartographic functions meaningfully. A wizard should be able to capture the user's requirements in an efficient manner with a minimal number of clicks, while offering a pleasant user experience. We integrated cartographic functions within the GUI over two major design iteration cycles. The first design iteration included organizing the cartographic functions and interactions into steps to offer a smooth wizard workf low. Our different steps were: (1) layer selection, (2) map definition, (3) layer order, (4) visual hierarchy, and (5) final map. Figure 3 shows the steps and how they related to the cartographic functions. The selection of layers occurs at the beginning because the users were familiar with selecting layers as a first step before downloading them (as this was a pre-existing geoportal function). Steps 2, 3, and 4 check user parameters against map content and offer to optimize different aspects of the map. To add support for thematic mapping (i.e., classification method and color scheme selection) would require an additional step between 3 and 4. In traditional cartographic workflows, there would be a step to pick symbols; however, as the symbology modifications in step 4 rely on the existing layer styles where the symbols are defined, there is no need for symbol selection in this specific application.
The second design iteration cycle led to the development of a dual GUI, allowing for a "geoportal" mode and a "wizard" mode. Common elements are kept from one mode to the other (e.g., map view, reference map, and navigation tools), while specific elements come and go as the user switches between the geoportal GUI and the additional features of the wizard. Going from one mode to the other is always possible thanks to a tab system ( Figure 4a ) and there is a large "Launch Wizard" button in the geoportal mode ( Figure 4b ).
I NTERACTION LEVELS
We organized information flows going from the wizard to the user in several levels based on the type, complexity, and depth of information provided. This cascading type of organization of the interactions helps with providing crucial information at first sight in the interface with little noise, while providing access to more detailed information on demand. Complex information about the inner workings of the cartographic functions is available for advanced or curious users, but does not clutter the interface unnecessarily for the other users. Explain the results of the cartographic functions that have been accomplished on a specific map and layer combination.
Depends on the complexity of the explanations. Either as tooltip or additional content. • Level 0 represents the text and parameters visible at first sight in the interface and includes parameter names, selection options, basic instructions, back and forward buttons, and window titles. They are designed with traditional UI objects, such as checkboxes, radio buttons, and dropdown lists, and thus are very easy to understand because they are familiar to the large majority of computer users.
• Level 1 interactions provide brief additional information about the parameters and cartographic terms in the wizard. They are accessible via tooltips.
• Level 2 interactions provide additional content or concept-related knowledge about the cartographic functions and explain the importance and role of parameters. If one already knows about the concept or content, or is not curious about the inner workings of the cartographic functions, one can choose not to interact with this information.
• Level 3 interactions consist of warning and error messages due to incompatible parameter values that might require the user to take action. Warnings do not prevent the user from going to the next step, whereas errors messages do.
• Level 4 interactions are detailed explanations about the wizard action presented after the action is completed. Depending on the complexity of the functions, we used different integration strategies: from tooltips to additional text and image content in a dedicated window.
ERRO R AN D WARN I N G CON CEPT
There is an important conceptual difference between a warning and an error message. A warning conveys a cautionary message about something that might be wrong or that is missing. When no action is taken upon receiving a warning, the system can go on and assume sensible default values. Thus warnings should be discreet, and not hamper the progress of the system to the next step or break the user's flow of thoughts.
An error message, by contrast, is much more critical and should capture the attention of the users and instruct them to act in order to remediate the problem. Without action and modification of the parameters, the system cannot go on. Thus the design and implementation choices for the error messages must make them much more noticeable than the warnings.
When a user changes a parameter involved in a compatibility check, the check is run in the background and an icon appears next to the parameter if a warning or an error is found (see Figure 6 ). At this stage, nothing prevents the user from continuing to tweak parameters within the same wizard window. However, when moving on to the next window, if any error message is not resolved, a pop-up window will appear and block the process while explaining the problem and suggesting corrective actions (see Figure 7 ). Once the issue is solved, the user can move to the next step. 
U S A B I L I T Y T E S T
We conducted a usability test, focused on the users' behavior with the tools that were developed as well as on the design choices. More specifically, we tried to identify whether users found the wizard functionality to be helpful and efficient and how frequently they looked at the explanations and warnings while using the tools.
DESIGN Participants
In total nine participants were recruited for the usability study: four women, five men. All were either working or studying at the university level, but none were active or trained in the field of cartography. Their participation was voluntary and they were not compensated. All participants use maps (digital and paper) at least once a month, while five of them used maps several times a week or more often. Their primary map use was for wayfinding and route planning. They also used maps for research and teaching purposes and during their hobbies (e.g., hiking, travelling, and out of curiosity). The number of the participants was chosen in order to cover different levels of familiarity with geoportals: three participants had never used a geoportal, three had used them a few times, and three used them often.
Tasks
A scenario and a series of tasks were developed for the usability test. The scenario was specified in such a way that the opportunity to use each function arose at least once. There were different types of functions present in the interface: some performed cartographic tasks and others provided additional information about the functions or cartographic principles. It was not necessary to use all the tools to complete the tasks from the scenario. However, this allowed us to observe whether the participants used tools or not, in which way, and with what frequency.
The scenario was as follows: "You want to create an overview map of the Brașov region with the natural parks to have an idea of the protected areas of this region."
Then, more detailed tasks and instructions were given to the participants. The tasks were chosen to follow the workflow of the wizard: (1) select layers, (2) verify and/ or adjust the map definition parameters, (3) verify and/or adjust layer order, (4) verify and/or adjust the visual hierarchy, and (5) pick a new symbolization method for the background layers.
The goal of this scenario was to cover basic cartographic tasks that a layperson might undertake and that are found in some form on many public geoportals (data selection and combination, spatial extent definition, and simple modifications of the symbolization). The exact scale for the map was not explicitly specified; participants could zoom in more or less depending on their interpretation of the scenario.
Procedure
Before starting, the goals and procedure of the usability test were explained to the participants. Then, the usability test consisted of a familiarization phase, the actual test, a questionnaire, and a structured interview. During the scripted introduction, we explained the project, the tools developed, and the goals of the usability study to the participants. Then, the participants had a guided familiarization time with the geoportal and wizard. Afterwards, the participants received the scenario and tasks to accomplish. Their screen, mouse movements, and clicks were recorded during the test, while notes were taken during the structured interview. Next, the participants were given a survey consisting of (1) a User Experience Questionnaire (UEQ ; Laugwitz, Held, and Schrepp 2008); (2) a workload estimation with the NASA Raw Task Load Index (RTLX; Hart and Staveland 1988) ; (3) general feedback questions; and (4) a demographic information questionnaire. The UEQ allows a quick assessment of the user experience of interactive products, whereas the RTLX helps assess the user's perceived cognitive workload while using the wizard system as a whole. The structured interviews at the end allowed us to gather qualitative information about design choices and the participants' impressions.
RESU LTS
Usage of cartographic functions Figure 8 shows how much time each participant spent on the different tasks during the test, as well as how they approached the test. For instance, participants D and E read the instructions carefully and then went straight to the tasks without much exploration, maybe because they were familiar with geoportals and needed less time to complete the tasks; whereas participants A, B, and F spent less time on the instructions and much more on exploring the different functions and options of the wizard. It is notable that none of the participants used all the possible functions and explanations (Figure 9) . Generally, and not surprisingly, the more functions or help used, the longer the participants spent on the geoportal. The general explanations about the main concepts and the warnings were used 53% and 74% of the time, respectively.
Due to the fact that the scenario and defined task were precise, the participants reached similar end results during the test. They all managed to create the map according to the scenario. We show in Figure 10 one example of a map before & after the layer re-ordering and background modifications. Layers that were initially hidden, such as the road network, are no longer hidden and the strong background layer of land use has been de-emphasized. These changes improved the legibility and comprehension of the map by providing a clearer visual hierarchy of the map content and prevented unwanted feature overlaps.
User Experience Questionnaire
The UEQ is based on 26 pairs of opposing adjectives, which are then averaged into six scales: attractiveness (overall impression), perspicuity (how easy familiarization is), efficiency (whether tasks can be solved without unnecessary effort), dependability (feeling of control during interactions), stimulation (how exciting and motivating), novelty (how innovative and creative). The scales range from -3 (extremely poor) to 3 (extremely good). Due to how the scale scores are built and the fact that participants tend to avoid extremes, it is uncommon to observe values beyond -2 and 2. A value greater than 1.5 is considered to be a good experience.
The results in Figure 11 show all six scales have positive values, of which four scales are at or above 1.5: attractiveness, efficiency, dependability, and stimulation. The novelty scale receives the lowest score with a mean of 0.917: however, this score is above what is considered to be a positive evaluation (>0.8) and it is above the average value from the UEQ benchmark (see Figure 12 ). The benchmark has been set by combining 246 studies using UEQ result data from a broad range of products (business software, web pages, web stores, social networks). Thus comparing our results with the data in the benchmark helps to demonstrate the relative quality of our application compared to other products (Laugwitz, Held, and Schrepp 2008) . Based on the individual scores of the perspicuity scale, the application is not perceived to be as easy (uncomplicated) as it could be (score of 1.1 for the pair), even though the score is above average when compared to the UEQ benchmark. Additionally, the confidence intervals at 95% also stay in the positive range.
Perceived Workload and Feedback
The raw scores of the RTLX in Figure 13 show that participants perceive the physical demand and the frustration as being low. The performance score is 1 for a perfect performance and 21 for failure, and with a mean of 5.33, it indicates that participants felt they achieved their tasks to a large extent. Score variations for performance and physical demand are small among the participants.
However, accomplishing the tasks is perceived as requiring a higher mental demand, which is not surprising because the wizard offers insights into complex cartographic design processes and rules. The average effort required and the average temporal demand are just below the middle mark of 11. The temporal demand is the workload with the most dispersed distribution, which can be explained by the fact that time is subjective and because fulfilling the tasks could be achieved with or without spending time on the additional information and help provided.
From the UEQ , we saw that the application was perceived to be slightly complicated, but it did not lead to frustration or failure, as shown by the RTLX.
For the general feedback questions, participants had to answer the seven questions seen in Table 2 using a Likert scale of "Strongly agree" (=5) to "Strongly disagree" (=1). Due to how the questions were phrased (positive or negative), low or high average values can both be positive in meaning. Thus, the averages have been re-aligned from 1 to 5, with 5 being the positive meaning. The re-aligned scores were also used to create the clustered matrix seen in Figure 14 . The clustered matrix shows three very positive participants (I, A, G), five positive participants (C, H, F, B, D), and one average evaluation from participant E.
The participants found the additional information about the cartographic functions helpful while also agreeing they were well integrated. The participants did not perceive they were making many mistakes, which corroborates the results of the RTLX regarding frustration, effort, and performance. Furthermore, the participants did not agree that the system was complex or cumbersome to use.
However, their opinion was a little bit more split on statements about how easy the system is to use. They also disagreed with the statement about inconsistencies in the system and making mistakes, showing a positive evaluation of the wizard overall. Finally, while there is no correlation Figure 13 . RTLX scores of perceived workload. Left: box-and-whisker plot displaying, the minimum, 1st quartile, median, mean (black point), 3rd quartile, and maximum. Right: mean and standard deviation for each RTLX scale. between their evaluation and the time the participants spent on the system, the general feedback scores seem to be negatively correlated with how high the participants estimated their task load to be (higher general feedback score = lower task load estimations), with a Pearson correlation coefficient of -0.77 and p-value of 0.014. This fact is not surprising; however, with only nine participants, one should interpret this only as a marked trend.
The structured interview at the end allowed us to gather qualitative feedback and the reasoning behind participant choices or actions. We quickly review here the points that either were mentioned several times or that are of special interest. The reasons mentioned for giving positive feedback about the additional information mostly concerned the opportunity to learn more about an unknown field.
Moreover, having access to the rationale behind the cartographic functions was appreciated, which might explain the high score of the helpfulness question. The participants explained the reason why they did not use a specific function that was accessible via an icon image and provided pictorial explanation: even though the icon was mentioned in the familiarization phase, the participants either did not realize it was an icon and/or were too focused on the text itself. This is clearly a design choice that needs further improvements. Suggestions for improvement were to change its color, or transform it into a link within the text. More generally, links and interactive features should be in a color that differentiates them from the rest of the interface, as several participants mentioned that interactive features were difficult to spot at first. Additionally, several participants commented on the lack of more significant feedback when a layer is added to the user-generated map as well as the absence of a sign that would indicate that the layer is already in the map. However, the implementation of the warning/error differentiation with yellow and red was well understood overall, especially in regard to the seriousness of the message being conveyed.
D I S C U S S I O N
The usability test exposed both successful and flawed aspects of the interaction and GUI design, both in terms of understanding the wizard application and its actions and in terms of pure interface design. Moreover, it confirms some conclusions reached in previous work regarding interaction design for cartographic or geospatial online platforms.
The results revealed some misunderstanding of the language used within the interface. There appears to be a need for a short introductory section explaining the main vocabulary used. Beyond a clarifying role, it could also play the role of general documentation that can be used as a reference at any time. For instance, the term "map type," the different layer categories, and some other fundamental terms could be better explained. Additionally, there was some confusion among the participants as to the extent of the wizard actions. After certain warning or error messages, some participants expected the wizard to automatically correct some parameters, whereas the wizard was built to let the user decide about those cases because they are open-ended questions, and thus dependent on the user's purpose for the map. More specific feedback should be considered in certain cases to prevent any doubt. In addition, building auto-correcting functions should be incorporated into future developments.
Two weaknesses of the interaction design were uncovered. First, the conceptual understanding of the duality between "data browser vs. user-generated map" and how to add layers to the user-generated map was not optimal. The process could be better supported by providing better visual feedback when a layer is added to the user-generated map and to signal which layers are already in the user-generated map. This could be realized by shadowing or highlighting layers that are already present and by issuing a short, disappearing message stating when a layer has been successfully added to the map. Second, the icon that allowed the user to open an image demonstrating the text explanation was not well designed and participants did not realize it was an icon or were just too focused on the map and text to click on it. Thus, a redesign is more than warranted and one solution could either involve turning the icon into a link, using another color, or offering a miniature image with a function to enlarge it.
The tests also revealed some successes of our interaction concept. One of these was the frequent use of warning and error messages. These messages provided information about cartographic rules behind the constraints and modifications applied to user-generated maps. The participants applied an exploratory strategy, trying different options as a means to understand the explanations in relation to changes in the map parameters and in the map itself. As the changes were applied immediately to the map, the participants did not have to wait until the end of the wizard process to see how the parameters impacted their map.
The messages, which are specific to the user-generated maps in question, are thus complementary to the general explanations: they deliver the same information but put it into perspective. It helps the participants to understand how the general rules apply to their unique, specific context. The distinction between warning and error messages was well understood, likely because it was built on known signifiers and familiar conventions by using red for error and yellow for warning.
The fact that participants found the additional information helpful and appreciated discovering something new has interesting implications for geoportals: not only does it support designing an optimal interface for helping the users create better maps, it also establishes the geoportal as an entry point for learning about cartographic design rules, as it does not require any specialized software or the need to deal with raw data.
When looking at the experience of individual users across the different scores and evaluation, there are a few interesting facts to highlight. The "worst" evaluation came from participant E, who was also the participant who spent the least amount of time on the geoportal and was one of the three who did not use all the different types of interactions. Participant C, on the other hand, spent the most time and gave an overall positive evaluation. Participants I and H, who gave the system the best evaluation, spent an average amount time on the wizard, but used a very different number of the interactions and functions. Interestingly, neither had used a geoportal before. Participant G is an outlier in their use of the interactions (only two types and 17% in total), however their general feedback score was one of the highest, and their RTLX score was the second lowest. Additionally, participants A and E used only two types of interactions and with a similar frequency, however, their general feedback and RTLX scores were very different from each other. Thus the amount of help used does not seem to be linked to whether the participants found the system user-friendly and easy to use.
Because the scenario for the usability test was structured, it allowed us to make sure the participants went through all the steps in order to better compare how they used the functions in terms of time spent on the functions and levels of information they access for each step. An unsupervised test would probably have led to different results and required an even lengthier debriefing to decipher the intentions of the different participants and why they did or did not perform certain tasks. Additionally, a larger number of participants would have been required as fewer variables could be controlled. However, our structure also meant that the participants had only marginal space for creativity in the map generation process. As the study focuses on geoportals, where creativity in regard to map content and styling is often limited compared to GIS or a drawing program, this constraint was deemed acceptable for the purpose of this work.
The results also show the emergence of different user profiles among the participants. It would support the assertion that the wizard can be used successfully without accessing each level of information, and that wizard users might benefit from the opportunity to choose between different interface designs with different levels of complexity. However, due to the relatively small number of participants, this suggestion must be considered carefully.
Finally, the interest in and high use of warning functions as a discovery tool suggests that because cartographic functions and knowledge are at times complex, participants found that having the map show what was meant (instead of text explaining what was meant) was valuable. Thus when building interactions with cartographic functions and knowledge, one should take care to provide the explanation not just in a "telling" form, but importantly in a "showing" form, such as within a sample map or an immediate change to the user-generated map. Learning by doing (and by seeing) seems to apply to the relation between cartographic knowledge and cartographic interactions.
C O N C L U S I O N S A N D O U T L O O K
Our goal was to investigate the potential integration of cartographic functions and knowledge in an existing geoportal framework. After reviewing the state of the art in user interaction and usability, as well as our previous experience with mapping platforms, we built a model of interaction levels and showed different types of interactions with and feedback from the system to the users. Then, we tested the integration of smart cartographic functions and knowledge with a usability study. Insights gained through this study will help improve the actual platform and move towards a more hands-on approach to sharing cartographic knowledge. The main new geoportal design feature was testing interactions that provided immediate feedback about user actions in the user-generated map, rather than after going through several windows of parameters as is the case in a traditional wizard. Additionally, the choices the users made were always put in context, and the map and its contents were always visible and referred to in the wizard windows.
Feedback and the results of the usability study show that the overall experience with the cartographic functions and the wizard workflow was positive as proven by the enthusiasm of the participants, their curiosity about the cartographic content, and the different indicators regarding ease of use, task load, and qualitative feedback. However, it also revealed areas with potential for improvements, such as the implementation of the explanatory images and some unclear terminology.
From this work, we gather the following guidelines that are relevant for the integration of smart cartographic functions and knowledge into mapping platforms:
• The action and output of functions should be clear to the user.
• Help and explanations about the functionality should come in different forms and through different pathways (telling vs. showing and general vs. case-specific).
• Accommodating a diverse target audience is challenging, but providing several levels within the interface supports the tasks successfully.
• Providing users with ways to explore the content and knowledge by themselves and interactively should be favored, as it leads to a positive user experience.
This paper and its usability study show that implementing cartographic functionalities in geoportals with an open approach can be successful, enjoyable for the users, and not perceived as cumbersome. Cartographic wizards and similar approaches to integrate cartographic knowledge and functions should be considered in geoportals as a means to attract users, to offer sound cartographic visualizations of the geoportal data, and to further promote the platform.
Furthermore, there is still great potential for development in terms of interface/interaction design and cartographic functionalities. For instance, modules about color management and generalization levels could give more creative freedom to the users; they would be straightforward to implement because they rely on information about geometry, scale, and feature themes: information which is already present in the framework. Beyond enhancing the actual geoportal GUI based on the results of this study, our future work will focus on providing a more differentiated interface while keeping access to the additional cartographic knowledge similarly available. Additionally, developing smart functions that suggest corrections and apply them will be another priority. This is challenging because it requires the system to convey precise feedback to the user about what is being executed and why, without being too obstructive in terms of the user experience and a smooth workflow. Finally, providing a positive user experience and enabling the users to reach their goals should stay at the center of all these new developments.
